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(54) SEMICONDUCTOR ELEMENT HAVING 

QUANTUM STRUCTURE AND MANUFACTURE 
THEREOF 

(57) Abstract 

PROBLEM TO BE SOLVED: To surely manufacture a 
semiconductor element and uniformly manufacture 
a quantum structure with high reproducibility by 
forming a protrusion on the side of a semiconductor 
island in a semiconductor part and by constituting 
the side of the protrusion of a face, whose 
oxidation speed is faster than that of the side of a 
semiconductor island. 

SOLUTION: A semiconductor layer 12 is etched to 
oxidize a periphery of a pillar-like semiconductor 
at the center, and a protrusion 4 of the pillar-like 
semiconductor is isolated by an oxide film insulator 
15, to form a semiconductor island 16 isolated from 
a semiconductor part of the protrusion 4 at a part 
of the center of the pillar-like semiconductor. At 
this time, due to the oxidation rate from the side 
of the protrusion 4 being fast, the oxidation on a 
small diameter part on the upper part of the 
protrusion 4 is caused to advance so as to go 
across the pillar-like semiconductor. The upper end 



of the protrusion 4 of the pillar-like semiconductor 
is pinched off by the oxide film insulator 15 to 
form a pinched-off part 15p. Thus a quantum 
structure can be manufactured with high 
reproducibly and uniformity. 
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i 

[ is** 2 ] ±ia**»* asc t . ±I2£^ <t ©Btc/r 

AWOlffllfC V - * J: K \,4 >ff *v ± 

[B*JI4] 5ffi±cc. &tt4£4m££A'r*X8 

/irr*Bft«BXB±*wu 
?*x^£, 

v 'ja>4 ±12 £J3 cc J: * aMMM * BflW * toftX 
St. 

0»OBtC, ±Ktttt#*»#««:*«S'tt6XSi*c 
[Ig*Jg7] ±e</U3>OJR!M^^ **>i'7 

[ M#* 8 ] ±££tiii* tN*B i> U < t«6»S«± 



(2) (M2 0 00-6 849 3 

2 

s*««o±fi***B±«. ±fi*««tcijaa»«rw 
±*©-*«*4^, *rttt**>-?tr. 'J7h*7fl^ 
±©-*m tcrS o r tttt*mtt>ft £ v & S|»cc± 
'J 7 h*7jr?**B«MW £XfI£, 

©±B¥*(W«:*ra'*x v * > * t?i 6m i 

20 .«$tlfc»2©l»7h*7ffl^^i?»«:^flW*XS 

S*'J7 h*7ffl-?A5?JS©:^/< ti±EMfc»tt*:H 
T^X^i, 

±I8^2^>M7 h*7«-7^^«*'J7 ^7U, ± 

^TX^t, 

±12^ ! *j J:C5«2 <DX ^ ^ > ^Js^^^ ^il 

30 «: x y * > *xa i , 

fi^^^r, v«B<rHWttttot:. ±i2titt¥^^ 

«B«:«rt^*XSi, 

mfi*B-?X±HftfCft*B*B*r*XS&. 
tf«BB±«>±ia*»*»*w>±*«:^-- 

r^X8i«:*«Ci««tttr*tt*3«4tel3«a) 
50 [ 0 0 0 1 ] 
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3 

[ 0 0 0 2 ] 

[fftfeCPttlB] T<ft>*>toy 
B©* ♦* r >*^KfU*«:^t/T»!lHJfi£3n 

xtfGu* et al J:* Applied Riysics Letters 70(7), 
850(1597) MR, ) 0 

[ o o o 3 ] z+mmcon&is&t ox i*, m«rs i 
^tw, c©*#tc£*ti£, axcc, jtaawc 

*Hftfi*H» fcfPlttA < Mil? * c i tcBB#ft 

[ 0 0 0 4]* fc, & t/Ctt, 20 

m^VLS (Vapor Liquid Solid) &A&ttX£iVCl' 
& (E.I.Gi varqi zov f J .Vac .Techno, Bll(2) ? p , 449^ 
JR> . cm*. S (An) ««UCS ii 

K©*BttS i £A u ±©£Ite^*^«t/fc«, S 

! BM#A40ttSl,TS i **WBi*:tfig i Zi&&$&X 

[0 00 5] C©VLSttfc*t*r«0&ft*S i«E» 

& (Waoner et al., Applied Physics Letters 4.no.5.$ 
9(1954) ,Ci varqi rov . J .Crystal Gnowh, 31 ,20(1975) <?■ 30 

ML ) o 
[ 0 0 0 6 ] 

L'*c. a^ttait^wr^^ftJt-fi^^wfi^ft^ 
*gf*T*<>©*c*>£o 

[ 0 0 0 7 ] ffcfcfc, *£WC*M,»'Ct*, ±tf OfcV 40 

Lss*-«©x«K:aiu a 

©*C*>* 0 
t i) 0 0 B ] 

C©*«£f*&«©-«tCifi»T**« 



49032 0 0 0-6 849 3 

4 

[0009] *«w«j:^a^«a#«:«r&* 

^ftJS^SiiS^&li, «*Lh«c, ttttiNM^tertf 
*I8±, tttt^fctfJOHH&Bffct/C, KffcBte&# 

*£iMK?&K<k«BXB&6irr&. 

[ 0 0 ! 0 ] IftUtcJ: 5*, **f*±ic 
C©Ci^^fe^^Kfkii^©3it^iJfi^J:6Kit©ii?f 

^ >4^*«B*wr*a-f«a*«:^r 

[ 0 0 11] 

*£9icc J: 

C<^**S^-tttciSaT**«|*SS^^ 

li. 4^^£SWtcc£i«^lli., % C©fl»tt, «©i»J® 
i>y 4«(*«KZH!MBcctkU, KlkaflfsWailiB^tr 
Bd*6<r 

[ 0 0 12] *MM&*&Cfet»'C<*, V L Stt*B 
mi>n&i><&X*>*) % KttTCOVLStttt, *HlBAtC 
J:^ttM, «B?a-3 2 55 5 5*ttW, to^CMM 
¥9-256 0 4 S^tUB^rttit/fc^ftcc^ otT^ 

[ 0 0 13] BB**JKt/T*M££*a?tt&ft* 

[ o oi4] *r, a i *«Hot:. ete i ±«ttK* 

^CTUstttaP = 0. 4 Q • cin-SrWU. <-©— iB 1 a 

?>V (111) «AB££tifcS i 

n-S. C©BBl©-£Bl a^VM^n. 

T-fe h vcft£$h. BB t«K©«£«K J: -? 

*BK(ti*^*3n&, 

[ 0 0 1 5 ] m 1 ACC^T^^tC, C©»tR 1 ©£B 1 
a«. ttiftr«S i i«B^»*»iai/, 

0. 6nin«S!©^«B5«:as«i*T&. ^©«, S 
ffi^fg^r 3 0 0 *C- 7 0 0 'OCWWiltf 5 2 0 «©JW*T 
f. S iOBH^A, ^t>^> (Si. Hi.,,)©, 
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5 

*<D$Ki>y -:). 5mTorri:Lb^^ii:! 
^^nfcti^«i$2^^f C<£te#¥$<*2 

ii. -e<j>ie73i5j*\ < i i i >^jsi^^$n^, <-t/ 
{ill} £65? 6Cicc*vt^^4M<o, |£{bi££ 

oattiABfliu* <iio), (io o > *ft*Btc 

[0 0 16] B2W\ C©J:^cc(./c^OA:«±tt*« 
#24>SEM (Scanninq Electro^ cnoscope: teS^S! 

«?bm> cowar. cnccj:oco>ta***#2 
i 1 1 >*rttc«j8sn*ci*5»s$*wrc. ^ 

fe. Ia3l£, TEM (Transwissicn Electron Microsco 
^JHBttHMtt) ) 5SH**U CWCJ:»J, 
tttt*«f*2 tt. *<D*B^*^afa*»2 c i * 

[ 0 0 17] $±^#a5#£i*, ZOX&mfEl* 1 fcfeli 
2 . *<7>it&v* 1 0 n ra^- 1 0 0 n m«:ftW*CA# 

[ o 0!8] m, **w*sra^€)n*at!i[ 1 & e 

r-?£fi£l/fct S I MOX (Separate by Inplante 
d Cfcvoen) KU*SO ! MfcfciJ: ,tiKff&CtW 

[0019] B4HB9MHWI/TT. **W«lJ:*ft* 
* h ? > i>X * > * 'J ©- M 

-H9ccfec^c. &a, io^o'Ai a-en-ensxscc 
^UCft)RHiilHi^i, SB, fcJ^'B, ti<- 

[ 0 0 2 0 ] C<£flKfc<,>*a*, Sfc 1 ±i*C-S i 
MOXWKSccj*, *-fcb*>#3£*jKi*, Si 51*10 
±K$ • O, *SSJs 1 1 *ft(.,TS i *«<*Js 1 2*Mg 

4A» fectO'Bt B 1 'CJMll/fcAScc 

^$f*2t*, m&uttJ:*ic % eo&BifhcAft^'c 

4#lfl4>Mfl4 si*, tt«4«*2C'fttt»tcteC:>*« 



(4) 4SB2 0 00-6 849 3 

6 

ffiKtfcU Blbitd»^ k IUfl«ft&Bccj: 

[0 02 ! ] 134 Ai fc^O'B, tcmf 
C©tStt¥«f*2<^&±#*&--tfft (H4B, 

a i ewutfli. &*.\tt%L<x*)7 h *s 

<D»4;Wik:»,>. *r>ctiJ;«, *»f*Si2±a\ - 

[00221 B5A, *5<fctfB, tc^TJ:^^. :PU< 

4. Pl^tfAuBt^BBBCCJc-^-CSJlW*, 
[0 02 3] B5Aj toJr^Bj tc^TJ:^tc. Jiiio 
fcWit«A !K<fc*tJ7 h^7j^"7^^S! 3^. <:<D 

1 3 ±tc«^3 nr fcx y ? > ^ 7 a * s 1 4 as** 

lvCflfctt*«f*B 1 2 Ktg£$nr<r>&3 ! (Dx^ *> 

i 4#jg««a:«3n*. 

[0024] HS A, fe^:^B, tC^TJ:^CC.. B4A 

30 t7|7^H^«g. «^t*Sg^^o CCC-J:^ 
Kt/C> ta**«#2<D. *10*^>^^J81 

^W©^««2 ZWrt&tiLZntc%2<0*)7 

t*?mvA!?m2 3&&f&t 

[0025] 06 A, teAOB, ic^?\*MC. C<DM 

2 © v 7 1* *:? ffi-^A 2 3 ojaa < i i>xmmm2 

<Dv*pttt:?>m2<r>*-??>yvzi?m2 4zm*.\x 
40 Aut^aeyc«sr*. 

[0026] Z<TAk. 137 A, feJ:^B, tc^f^^ 

cc mzov? \>*?m-?z!?m2z^ 

n. \bo>wi2<Dx?i->?-?z>?m2 4it> meow 

[0027 ] CCC-ct^tCUT, mi At cCmSft^J:^ 
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l 4 to* V2 4 (c J: &x ?f > txZ. 
[0 02 81 XK, m7Az fcJtfB, tc^?* 5tc, 
n\te£WmZ<DJ-?+sW*>?\ 4fc<fcO'2 4&^ 

[0029] USA, fc£tfB, (C^Tl^tC. SSifc 

[0 03 0] 138 A, fcJtfBj Kla*1\J:} 

JC. PJ*i*HC 1 iHNOj #3 : l©x 
J:vC, «BS£«3fcB*r*. 

[0 03 !] WC, B9Ax *>J:t>'B» fcSWASIC, 

«c. t$tt^f*20i!i«4^B(Uttfi»<»:i 5«:«fc-5r 
<W6bT, d»>40#«(*S»i»!HSnfc*a»f*ft»l 

6 £ t±i*4^?(t 2 o*i£iiK>- « ccko? 6c c <m\t 

It. *4>M;U*5GGlbrr0Oj «B»T7 0 0*C 1 ! 

<fc-7TfrS. C £s&4<E#j®4 
$*60>Bftt!KMl*C&tCj: VC. C£>£.S|i4tf>± 
41*tCfe^ »T *<Z>K< 2 J: 
^KaHrU C©tt«*W(*2««»40±«8»*s i B 

<* 2 «3tt««c » x i> . *©@ffiKKtb»«f* l 5 & 
«tit£ n* C 1 4 . h . lift**?** 2 (gfittWccB&f t&tt 

[0032] HI 0 I*, CCBftAfiSttO, tttt*«<t 

5 #tttt*?M* 2 * MM o X flgjfft $ *tfc t' > * * 7 1 
5 p Cfl>e>**7«l5p<J>J?$dti: % 7 
nm^l 3 nnifflftci9< £4*6, 
t*>?*:7&5l 5 ptcfctf *Kffcifc»f*& h 

7SM 5 p cc«i: *>x$$&2titc±.l5i£iit, <t<D®fto>®. 

[Ufilttl 5if>*^"?g|ll 5 pKJ^rBEbftfcf* 
5nm9l^l 2um£?*C&*''C*. cn 

[003 3]*l/-C, C©t>**7»! 5 p 
P. 4^MIU 6<MlSi*, t^*«*2<D*S?fr 
*>*>B?j*0«j».^«3©ltffi, Blb«sa6#. PUl* 
B( b^mJOMSJEK: J: -? X STEf * C <L #1? * 

[0034] 0 9 A , fcJ:tfB, CC*?J:^CC. 

Mi e*«^«nfctt«*«*2«:B-jr«iit«rs i 

0* ^>tt«V 1 7 *&fintC£jftO. 

A*c <fc -? r *agQ«a,tf ii S!G> v - * J: o' K v << > 



(5) (M2000-68493 

tc j: o r tel*4^<*&££ $ J: ^ cc;< * - ^ > £ 0 
v-^ ■ FU-OMlglhi. IWil W^Llfifc 

h 7 > > p( « ij l 9 MUMS tlZ>. 
io [ 0 0 3 5 3 M. 84 -B9cc*J^*C**, ! ^(DiHX* 

1 0 0 3 6] B4'CBffll/&W'Ctt, Sfe 1 tc^: 

^^c. tttt**i»2^ BWir&ttKtc*rut«j« 
r-*^o co»^©-««:Hi i ftMSotriawr*. 

[0 03 7] CCC'*I^, HI 1 ACC^-T^^CC. Sffi 1 
±«:. ^5AHili3 ! C0C«(iS«^J^3 1 

t*. flxiiS i Oi M«r 1 0 0 n mBAOJVd^RMt 

^^tf^r, «»fttCti«iN?<*:2«:»rtr6a»cC}8 
?L3 1a«r»ftU cn6S?L3 1 a HOT. MRl 

30 ii. mttiliil iim-0. 8iim^T*. 
[ 0 0 3 8] tftBWIM3 1 K»f -Sisn-3 1 a 
©«. Sfi 1 =&^0, GiZkXl 0 O^JWft 

ftBB5«r«ar&. COC'i?, Au^JSS5i*. Si 
O, K:j:&ttBflttM3 1 ±(Ctt«Jt*n-T, i§fL3 1 
a«:iiOr*«l<0«ffl. r<f^^*«»^«ai/A:M 

[ o 039] fr^u/cs ^ «^a ( jTij^iis 

40 I H« B 1 tWnofc^HttoMMSfifT 

*U«I3 \0>miZ 1 art(C. S » 6Au<9fiMS&8i3 
^s£$n-6 f c(Dj:^e<:ot:, Mftd£A3«>«Jttti: 

*.^cfett^«ft 2 0>jftft* tt A , C ®|t«*«f* 2 (D 

3 it*, aa«txsr\ x^>yiaor»^nc 

[ 0 0 4 0 ] 12 1 2 fcj: CXB 1 3 *««Bt/C, * 
50 ftW^Ji&AC'B^tftaft^Wr*****^^*^ 
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HKM*t:ii3 oOS-Si 1 \v^V>*$**l U 

! SK 1 Mt, *©£ffl ! a {111} ccigtg^n, 
[004 i ] *te, ewwefc^rtt. ai i-cimi* 

^fi£T*{£BK. «?l 3 1 a*0aDUfcifcS*UM3 1 
*VtiKU MtXAu 

ftflf3 C 4>3K£& A 3 ©fc ,« tr??li t 

M*t*l. 0/ifli(Cig£Mft& o *UC, »c. Si© 
S^^ncii^^t, @12ACC*TJ:5 
cc. SM^UISOiMfPflccj:^. fttt*#f*2£ 
c >r<>, titt4^?#2Ktf> * 

CCffMfN94 s n/c*WWt"«P^^i!S»4 a* 

[ o 0 4 2]c ©tt«*an*2 1*, *©msfw*s. < i 
n*aft4 i*. ro^ijffl4 s « % {Mi} dfigr* 

[ 0 0 4 3 ] a 1 2 Bl'Cft? 

£5l£, ttS«MM3 1£. x 

[0044] -eca, wb»a«rif^. coj:*K:r« 
bi 2ck*t mmm\t2<j>mmm\t 

5K<^r$£br> Miw<&**f*»±»aishfc* 

-6. C0>Bfh*. *<MliU*5GQTorr0>Oj OTWC 
7 0 0*0, l»IWM!M*eK:j:-7rtf9. C<DtBS, £ 
&4 ©fMffl 4sm *Kf tifafctfitl > C i tc £ o X . 
*©B«b»ttK*«#2 J: $K«T<yCCfl>te 

«**#2<Wb#4 0±Ml*», Bfblfiltttl 5KJ:-5 

»i> titf&wt 2 ©ttwiwc *» i »x h . zom&icmt 

wcmtMUM* 1 5 kj: ->-cat>nfc*«#s« 1 e# 
Mans, tbx. c©**«c*jc»-c<>, tttt*** 

2 cotS, Bfb&MM^MtCJvC. **f*fi»l 
r. . £fct*>?*7au & off $£. c 
[ 0 0 4 5 ] @ 1 2 J: 5tC, ^EPa 

A2#fl^&M^tC. M^mMtcJ'.^XM 

z&&msic.xz«&mmm3 2 z<ox*> 
i §*w*xz<Dmtm?>$mKte^x> sawss 



(0) M2 0 00 - 6 8 49 3 

10 

[0046] Ufca*-?*. B13AK^TJ:'} 
k. $CT3 2K#L/T£ifi«iCx**>*&lTC>¥* 
«CB«$nfcW»«©«»aiS3 2«:»*r*i, ft 

tt»©±»fc ^ w«*d«ss 3 2 #m* $n. bi 

tc . 3 2 ftfflRAK 3 , fttf gftc J: ?'C £■ $ 

[ 0 0 4 7] a 1 3 BK^T* 5tC, £ifift(CM 
*i*S i 0 4 <C<fc*»|W3 3«rCVD(Chfflnc*l Vapo 
rDeposuion) £(CJ: oT^.'SU, 01 3CK 

*T<fc^tC, -eco*B«:ffll*li:fk^W«tt«WFaf (CM 
P > J: otftH3 3 «VfllbT& # 

[ 0 0 4 8] COT£ft<?nfcM±K. 0 1 3 WCtt 
X 5lC s «**f*M 1 6 ±cc h «fi 1 8 g 

20 #a»ie^a$n, fl»4o±«^.«$n?cBffc 

ac?: h > 4 JUKf bM <b r ^> h7>t>A^ S^m 
J: ^> SM(D>* ^ 'J X^^titd 
[ 0 0 4 9 ] C Vte&tCto^X 1 6 

30 [ 0 0 5 0 ] ±&Ofc J 5 K> <tn«. S5Ktc 

r > ^ * i> 3g^fiiJ«T * c t WX\ it fc*»B 

[0 05 i ] i?c, *ftWM»#ttKfcc*r, fttt^* 

[0 05 2] W. ±i40fcfflr-l*, SB^«3<^A 
S i tA\.\0>£»&&m<DtW*. SfilfDtoS i i 

tc^or^-r^ci^c^^o 

[0053] ±.&LtcMtzme>tit>i> 

oxktu<* m*o>mwm&vtiX't>i> 0 

l 0 0 5 4 ] 
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1? 



0%®&&mW&$tltcm*#&fc*:T?'?Z#~& : ?- [08] A, toXVA* tit. *#W««>-«C— «ii 

flMfitfifcKijni*, vLSSi, Kibioxssffl* it. a, fcjitfAi <^>ftsisiKM^r'^^o 

ir^fl^lltfif**^***^^*!****^*^: **©S-Xfi«:«BS«iHr*^. B, fcJrtfB, 

fc®-eab*. tt. A, fcJtfA, <»&iS8rai£jr'*>*o 

[ 0 0 5 5 ] 2 fc, ^^ttStfjftefc^r, [010] til^^^i*<^i^lt^^^^isia^^^3gfft^ 

m£fe»*£3&ftft3ft#**ffii>*ii 10 [oil] AfcAtfBt*. *nen*«u««9iK«^ 

[BiB^ewxem] [012] a^di*, *%w&*<z>-wv>-wi&i?&v> 

m i ] A^ctt, ^nen**w©»flu:«f ^tt« s-xsowswaHi?**. 

4^f*<^$^^^ [013] A^Dii, *ftWR*^«CE>-lia*tt«) 

[02 ] tm#wt*>tt*mm*'9*K*.*tt> [0M] ^»*©-p^«a*«c!>-xw«Bi 
[03] mmm<»&jaMM+w&mmcni< 1 nqwum 3 

ttfcBT-**. 20 1 • • ■ Itfi. la-— sa, 2 • • • ta**w#» 

[04] A, fc^O'A, tt. *ft*S*0-«©-IHS 3 • • •MH^Ml, 4 -«B. 5 - * • &BU3, 

M««-Ii««H E BBt l A&. B, **&Bm 10 • - •**. ! 1 • • 12 - ■ • 

li. A, fcJ:tfA, <&MSlKBBTr'fc*o S. 13- - •Klfl)U7 h*7f?^^, l 3W - 

[05] a, texo'A* it. -*mi$iTO>-M<o-u& • -xmm. 14 - • sua>*?*>^**s, 

*acC«-XS<C«B&«5B , ci>*. B, B* 1 5 ♦ • • M:Mttt»tt. 15p--t>^?*, 

I*. A, fcJ:tfA a <DaS8g&®Er'&*, 1 6 • - ■ i 7 ■ • ■ *S»J2, 18s- 

[06] A, fccfctfA, tit. *»H**0-ffto-iaS • v-*«S. 1 8<S ■ • • Fu^Wi, 1 8g - • 

*So*S-XEC*IWfiBt?**. B, fcJtfB, • y- USS. 23 • • - m2V>*)y h*?mvA* 

it. a, hxtfAt <j>*m&immv$yZo m. £3w- • 24 • * »i2w^> 

[07] A, fccfcO'A, (*. *Jfe«3R ; r(D-«©-«j6 30 WJi, 3 1- • tiBOttM. 31a - • -38 

#&e^X&&UmiB'C*6. B, fcJtfB, * 11. 3 2 • • *g«@B. 



[03] 
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This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document areaccurate representations of the original 
documents submitted by the applicant. - 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
EffiLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 
(^REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 



□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



